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Hoodia gordonii which contains the perceived active molecule, P57, is a plant used in many weight loss products that are highly susceptible to
adulteration due to increased public demand and limited availability. Rapid and simple methods for authentication and confirmation of the
presence of P57 are desirable for the quality control of H. gordonii raw material and products. High performance thin layer chromatography
(HPTLC) analysis of several H. gordonii raw material samples collected from different locations as well as weight loss products was carried out
on silica gel plates and developed in a mobile phase of toluene:chloroform:ethanol (40:40:12.5 v/v/v). Liebermann–Burchard (LB) reagent was
used as derivatising agent since it is specific for glycosides and triterpenes (such as P57) and the plates were viewed under UV light at 365 nm.
This method produced good separation of the compounds in complex mixtures with well-defined bands including that of the P57 band (Rf 0.42),
which was confirmed by liquid chromatography coupled to mass spectrometry (LC–MS) after preparative thin layer chromatography (TLC). All
the HPTLC results obtained for the H. gordonii raw materials and products were confirmed with quantitative LC–MS analyses, which confirmed
the qualitative reliability of the HPTLC method. The HPTLC method was used successfully to develop a chemical fingerprint for authentication
and reliable confirmation of the presence of P57 in H. gordonii raw material and products.
© 2009 SAAB. Published by Elsevier B.V. All rights reserved.Keywords: Adulteration; Authentication; Chemical fingerprinting; Hoodia gordonii; HPTLC; P57; TLC; Quality control1. Introduction
Hoodia gordonii (Masson) Sweet ex Decne. is a succulent
plant belonging to the Apocynaceae family and is indigenous to
South Africa and Namibia. It is widely marketed as a miracle
weight loss product and has been featured in several prominent
magazines and television programmes. A GoogleTM search
using Hoodia as keyword reveals more than 6 million links and
a plethora of available consumer products. The high consumer
demand and limited geographical distribution of the plant lead
to gross adulteration of up to 75% of H. gordonii products.
Allegedly some of these products contain small quantities of real
H. gordonii material blended with adulterants like Opuntia
ficus-indica (prickly pear) and other materials such as starch
used as diluents (Adams, 2006; Dall'Acqua and Innocenti,⁎ Corresponding author. Tel.: +27 12 3826360; fax: +27 12 3826243.
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0254-6299/$ - see front matter © 2009 SAAB. Published by Elsevier B.V. A
doi:10.1016/j.sajb.2009.09.011ll rig2007; Lee and Balick, 2007). Most companies selling H. gor-
donii products are acutely aware of the high rate of adulteration
of these products and tend to highlight positive analytical test
results accompanied by an example of a Convention on
International Trade in Endangered Species (CITES) certificate
to demonstrate authenticity.
Some companies also point out that their products contain
high percentages of P57. The triterpene glycoside (named P57)
was first isolated by Van Heerden et al. (1998) who pioneered
the investigation into Hoodia species and is currently the only
perceived active compound in H. gordonii, even though
numerous other glycosides have since been isolated from this
plant (Dall'Acqua and Innocenti, 2007; Pawar et al., 2007;
Shukla et al., 2009). Therefore the quality of H. gordonii raw
material and products is determined in part by the presence of
P57. The preferred analytical method currently used for
determination of P57 content is high performance liquid
chromatography (HPLC) coupled to a mass spectrometer
(LC–MS). However, LC–MS requires skilled personnel and ishts reserved.
Table 1
Percentage P57 content for H. gordonii raw materials and products.
Figure Track Sample description P57
(%)
HPTLC result
+ or − for P57
1 1 Namibian cultivated
raw material
0.186 +
2 Product 1 (capsules) 0.248 +
3 Product 2 (capsules) 0.162 +
4 Product 3 (capsules) 0.131 +
5 Product 4 (capsules) 0.080 +
6 Product 5 (capsules) 0.304 +
7 Product 6 (capsules) 0.191 +
8 Product 7 (capsules) 0.102 +
2 1 Namibian cultivated
raw material
0.186 +
2 Product 8 (capsules) 0.134 +
3 Product 9 (capsules) 0.134 +
4 Product 10 (tablets) 0.064 +
5 Product 11 (capsules) 0.180 +
6 Product 12 (capsules) 0.169 +
7 Product 13
(chips— sliced H. gordonii)
0.058 +
8 Product 14 (buccal spray) 0.048 +
3 1 Namibian cultivated
raw material
0.186 +
2 Product 15 (topical gel) 0.006 −
3 Product 16 (transdermal patch) 0.000 −
4 Product 17 (fruit bar) 0.001 −
5 Product 18 (compote) 0.003 −
6 Product 19 (instant drink mix) 0.000 −
7 Product 20 (oral strips) 0.000 −
4 1 South African wild 0.127 +
2 Namibian wild 0.161 +
3 South African cultivated 0.115 +
4 Namibian cultivated 0.186 +
5 2 year old actively
growing cultivated
0.131 +
6 2 year old dormant cultivated 0.288 +
7 3 year old actively
growing cultivated
0.048 +
8 3 year old dormant cultivated 0.112 +
5 1 Namibian cultivated
raw material
0.186 +
6 1 Namibian wild raw material 0.161 +
+ : visually detectable on the HPTLC plate.
− : not visually detectable on the HPTLC plate.
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phy (TLC) is an option that has distinct advantages over several
other chromatographic methods such as its simplicity, low cost,
high sample capacity, and rapid availability of results. It is
unique due to the fact that it presents the results as an easy-to-
interpret image or chemical fingerprint (Marston, 2007). A
number of high performance thin layer chromatography
methods have been developed for H. gordonii such as the
Alkemists Pharmaceuticals Inc method developed by Widmer
et al. (2008) in conjunction with CAMAG for the American
Health Products Association (AHPA, 2007). The elegant
method developed by Rumalla et al. (2008) investigated
different dietary supplements allegedly containing H. gordonii
as well as several genera of Hoodia using 11 pregnane
glycosides as reference compounds. Our paper provides an
alternative rapid and simple HPTLC method to authenticate H.
gordoniiwith good band separation confirmed by LC–MS as an
accurate and reliable method for the confirmation of the
presence of P57 in raw material and product samples. The new
mobile phase, the use of Liebermann–Burchard reagent and the
specificity for P57 which is still the main measure of quality as
determined by industry standards distinguish this method from
previously published methods.
2. Methods and materials
2.1. Plant material and reagents
A number of H. gordonii stem samples were collected at
various locations throughout South Africa and Namibia from
natural populations as well as from cultivated sites. The aerial
parts of Opuntia ficus-indica, Aloe ferox, Cereus jamacura and
Agave americana from wild populations were collected in
South Africa. Retention samples were deposited in the Depart-
ment of Pharmaceutical Sciences, Tshwane University of
Technology. The samples were hand-picked, sliced and air-
dried. The dried plant material was ground with a Retsch® 400
MM ball mill at a frequency of 30 Hz for 90 s. H. gordonii-
containing products (Table 1) were purchased from various
sources including retail stores in South Africa as well as internet
purchases from international companies. The P57 reference
standard was purchased from Chromadex Inc. (California, USA).
2.2. HPTLC analysis
HPTLC analysis was performed on a CAMAG semi-
automated HPTLC system including the automatic TLC Sampler
4 (connected to a nitrogen tank), automatic developing chamber
ADC2, chromatogram immersion device, TLC plate heater III,
and documentation device Reprostar 3 with winCATS version
1.4.4.6337 planar chromatography manager software. The raw
plant material (powdered) and most products were extracted with
acetonitrile in an ultrasonic bath at 100% power and 25 °C for
20 min and filtered. This process was repeated three times with
fresh acetonitrile to maximise extraction efficiency. In a
preliminary study, the combination of acetonitrile and sonication
was determined to be a good extraction method for compoundsfrom H. gordonii. The buccal spray product was placed in a
vacuum oven (Vismara) at 40 °C to dry by evaporation. The
compote, fruit bar and oral strips were extracted with a mixture of
acetonitrile and water (50:50) to aid in the dissolution and release
of P57 from poorly soluble excipients used in these products. The
dried extracts were made up to a concentration of 50 mg/ml and
8 µl were spray-applied with a 25 µl syringe together with 2 µl of
a 1 mg/ml solution of the reference standard P57 as 10 mm bands
on 20×10 cm silica gel plates (Silica gel 60 F254, Merck,
Germany). No chamber saturationwith orwithout filter paper was
performed prior to development. Temperature and humidity were
not controlled via the HPTLC system but the experiments were
carried out in a temperature controlled laboratory. The bandswere
sprayed 10 mm from the bottomof the plate,with the first position
at 30 mm. After a pre-drying phase of 5 min, ascending
development was carried out over a path of 85 mm with the
Fig. 1. An HPTLC plate viewed under UV 365 nm. Track 1: H. gordonii raw
material, track 2–8: H. gordonii products (1–7) from different manufacturers
and track 9: the reference standard P57.
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ethanol (40:40:12.5 v/v/v). This mobile phase and chamber
conditions resulted in plates with good resolution and well-
defined spots. A 5 min drying phase followed the development.
To visualise the chromatogram, derivatisation was performed by
immersion of the plate in Liebermann–Burchard (LB) reagent
and heating at 100 °C for 5–10 min. This reagent is traditionally
used for detection of triterpenes and steroids (saponins, bitter
principles) and therefore it was expected that P57 (a triterpene
glycoside) would be clearly visualised. To the knowledge of the
authors the LB reagent has not previously been used as a
derivatising agent in an HPTLC quality control method for H.
gordonii. The LB reagent was prepared by adding 10 ml of
acetic anhydride and 10 ml of concentrated sulphuric acid to
100 ml of absolute ethanol while cooling on ice (Wagner and
Bladt, 1996). The images were captured under ultraviolet light at
365 nm. The limit of detection for P57 was determined by
spotting dilutions containing 5 µg, 3 µg, 2 µg, 1.5 µg, 1 µg,
0.5 µg, 0.25 µg, 0.15 µg and 0.1 µg per 5 µl (spot volume),
respectively. The smallest amount of the analyte that provided a
visual response was considered the limit of detection for P57. To
establish that the co-elution of compounds (especially P57
analogues) does not occur in the area of the reference standard and
to confirm that the bands perceived to be P57 were indeed P57,
preparative TLC was done. Several plates were spotted and
developed using a sample with a known high quantity of P57 as
determined by liquid chromatography coupled to mass spectrom-
etry (LC–MS). The bands corresponding to the reference
compound (P57) were scraped off from the plates, washed with
methanol and analysed by LC–MS.2.3. LC–MS analysis
P57 was quantified using a Waters API Q-TOF Ultima
system (Waters BEH C18 column, 1.7 µm, 2.1×50 mm). The
MS detector was operated in electron impact mode with the
capillary voltage at 3.5 kV and the cone voltage at 35 kV
(positive switching — ES+). The flow rate of the HPLC was
0.4 ml/min, the cone gas flow rate was 50 l/h and the
desolvation gas flow rate was 350 l/h. The source temperature
was 100 °C and the desolvation temperature 350 °C. The
accurate mass (861.5 m/z) was extracted in ES+ mode within a
mass range of 200 to 1800 m/z. The injection volume was 2 µl.
Gradient elution was used with 0.1% formic acid in water
(solvent A) and acetonitrile (solvent B) as mobile phases. The
gradient started with 100% solvent A, changed to 20% solvent
B over 0.5 min, to 100% solvent B over 11.5 min, followed by a
2 min isocratic step and a return to initial conditions for 1 min
for a total run time of 15 min.Fig. 2. An HPTLC plate viewed under UV 365 nm. Track 1: H. gordonii raw
material, track 2–8: H. gordonii products (8–14) from different manufacturers
and track 9: the reference standard P57.2.4. Data analysis
The LC–MS data was analysed using the Masslynx (version
4.2) software. The specific mass of 861.5 (m/z) was used for
quantification of P57.3. Results and discussion
3.1. HPTLC
Figs. 1–3 display chromatograms for several weight loss
consumer products viewed under UV light at 365 nm with the
first track being raw H. gordonii material and the last track
being the reference standard P57 for each figure. On
comparison with H. gordonii raw material (track 1), it is
evident that all the products presented in Fig. 1 contain H.
gordonii plant material and P57 where the lowest concentra-
tions were obtained for Product 3 (track 4), Product 4 (track 5),
Product 6 (track 7) and Product 7 (track 8) and the highest
concentration for Product 5 (track 6) as detected qualitatively
through visual inspection of band intensity, which was
confirmed by the LC–MS results (Table 1). In Fig. 2 it is
shown that Products 13 and 14 (tracks 7 and 8) contain the
lowest concentration of P57 and that all the products presented
in this figure contain H. gordonii. It is evident that none of the
products presented in Fig. 3 contain H. gordonii based on
comparison with the raw material chromatogram (chemical
fingerprint) in track 1 nor P57 (or negligible amounts below the
limit of detection), which was confirmed by LC–MS and these
include Product 15 (topical gel, 0.006%), Product 16 (trans-
dermal patch, 0.000%), Product 17 (fruit bar, 0.001%), Product
18 (compote, 0.003%), Product 19 (instant drink mix, 0.000%)
and Product 20 (oral strips, 0.000%). Fig. 4 shows two wild
population samples from different locations (track 1: South
Africa and track 2: Namibia), two cultivated samples from
different sites (track 3: South Africa and track 4: Namibia),
Fig. 3. An HPTLC plate viewed under UV 365 nm. Track 1: H. gordonii raw
material, track 2–8: H. gordonii products (15–20) from different manufacturers
and track 9: the reference standard P57.
Fig. 5. An HPTLC plate viewed under UV 365 nm. Track 1: H. gordonii raw
material, track 2–7: same sample H. gordonii as track 1 adulterated with O.
ficus-indica in concentrations of 80%, 60%, 50%, 40%, 20% and 10%
respectively, track 8: O. ficus-indica, and track 9: the reference standard P57.
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dormant plant, track 7: a 3 year old actively growing cultivated
plant, track 8: a 3 year old dormant cultivated plant and track 9:
the reference standard P57. There are some qualitative
differences in terms of band intensity between the samples for
example on comparison of track 2, a wild population sample
and track 4, a cultivated site sample. This can be explained by
the fact that phytoconstituents in cultivated plants can be much
lower compared to those in wild populations of the same plant
species. Plants manufacture secondary metabolites, mainly
responsible for medicinal properties, under certain conditions of
stress in their natural environment which may not be expressed
when cultivated under more controlled conditions (Schippmann
et al., 2002). In addition, the two wild samples (tracks 1 and 2)
showed a red band situated right below the P57 band which was
absent from all the cultivated samples (tracks 3 to 8). It was
visually evident from the intensity of the bands that both the
3 year old plants (tracks 7 and 8) contained less P57 compared
to the 2 year old plants (tracks 5 and 6). This difference in the
concentration of P57 was confirmed with LC–MS (Table 1).
Fig. 5 is an HPTLC plate viewed under ultraviolet light at
365 nm with track 1: H. gordonii raw material, tracks 2 to 7:
same sample of H. gordonii raw material as in track 1 but
adulterated with O. ficus-indica in concentrations of 80%, 60%,
50%, 40%, 20% and 10%, respectively, track 8: O. ficus-indica,
track 9: the reference standard P57. It is evident that P57 wasFig. 4. An HPTLC plate viewed under UV 365 nm. Track 1: wild population
sample of H. gordonii from South Africa, track 2: wild population sample of H.
gordonii from Namibia, track 3: cultivated sample of H. gordonii from South
Africa, track 4: cultivated sample of H. gordonii from Namibia, track 5: 2 year
old actively-growing plant sample, track 6: 2 year old dormant plant sample,
track 7: a 3 year old actively growing cultivated plant, track 8: a 3 year old
dormant cultivated plant and track 9: the reference standard P57.present in the samples spotted from track 1–7, but the
concentration decreased as the percentage of adulteration
increased up to a barely visible band with low intensity in
track 7. Furthermore, O. ficus-indica (track 8) clearly does not
contain all the compounds found in H. gordonii (including P57)
and displays only eight bands for this mobile phase. Another
visible difference between the composition of H. gordonii and
O. ficus-indica is at an Rf value of 0.4 where H. gordonii shows
a black band and O. ficus-indica a red band. Fig. 6 shows
HPTLC chromatograms of plant materials allegedly used to
adulterate H. gordonii products, including O. ficus-indica, A.
ferox, C. jamacaru and A. americana. It is evident from these
plates that it would be easy to distinguish A. ferox, C. jamacaru
and A. americana from H. gordonii raw material but that
adulteration with O. ficus-indica would be more difficult to
detect as shown in Fig. 5. For the P57 limit of detection the
lowest concentration visually detected was 0.1 µg indicating
that the method will accurately illustrate the presence of P57
even in highly diluted samples. The P57 band eluted
consistently at an Rf value of 0.42 on consecutive days,
indicating the precision and reproducibility of the method.
3.2. LC–MS
Fig. 7 displays the LC–MS chromatograms used to establish
that co-elution of compounds at the specific Rf of P57 does not
occur. Chromatogram A in this figure shows the P57 standard
and chromatogram B shows the compounds extracted withFig. 6. An HPTLC plate viewed under UV 365 nm. Track 1: H. gordonii raw
material, Tracks 2 and 3:Opuntia ficus-indica samples, Tracks 4 and 5: Aloe ferox
samples, Track 6: Cereus jamacaru, Track 7: Agave americana and Track 8: the
reference standard P57.
Fig. 7. LC–MS chromatograms of (A) the P57 standard and (B) the preparative TLC sample.
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the major peak obtained for the extracted compounds was P57
with an accurate mass of 861.5 m/z. The mass spectra for each
of these chromatograms are displayed in Fig. 8. Co-elution of
bands is a common problem with HPTLC analysis of complex
samples such as plant material but clearly this methodFig. 8. Mass spectra of (A) the P57 standarestablishes that P57 elutes as a single compound at Rf 0.42.
This was confirmed with preparative TLC and LC–MS analyses
indicating the specificity of this method. Thus, the HPTLC
method has the ability to clearly confirm the presence of P57
with the specified mobile phase and derivatising agent used. To
validate that P57 was indeed present in all the H. gordonii rawd and (B) the preparative TLC sample.
124 I. Vermaak et al. / South African Journal of Botany 76 (2010) 119–124material and product samples that were spotted on the TLC
plates, the concentration of P57 was determined with LC–MS
and the results are collectively presented in Table 1.
The quality of commercial H. gordonii-containing products
is a cause of concern especially because these products are
consumed on a daily basis by the public. The lack of quality in
terms of P57 content in several commercially available products
is highlighted in this study. Some of the products investigated,
especially the topical products and some oral dosage forms,
contain very low concentrations or no P57 at all. Since P57 is
currently considered to be the only active ingredient in H.
gordonii for weight loss, this simple HPTLC technique provides
a fast and cost-effective method for screening products for the
presence of P57. Furthermore, developing new rapid and
accurate methods for basic quality control could contribute to
the distribution of only high quality raw material, and
consequently, more safe high quality consumer products. In
the future, this technique could be developed further to include
HPTLC densitometry for quantitative determination of P57
concentration in raw materials and products.Acknowledgements
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